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Ultrasonic Condition Optimization for Anthocyanin Extraction from
Purple Cabbage by Using Response Surface Methodology (RSM)
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Abstract: The aim was to optimize the ultrasonic extraction method for anthocyanins from purple cabbage
[Brassica campestris L. ssp. chinensis (L.) Makino var. communis Tsen et Lee] leaves. Under the conditions of 420 W
ultrasonic power, 40% ethanol and twice extraction, the interactive effects of four crucial parameters, including
pH, ratio of solid to liquid, ultrasonic time and ultrasonic temperature, were studied by central composite (Box-
Behnken) and response surface methodology (RSM). The results showed that the optimum process for anthocyanin
extraction was 1:16 of solid to liquid with pH 2.76 extracted at 58°C for 12 min under 420 W ultrasonic power.
Under this condition, the extract yield of anthocyanins from purple cabbage leaves reached up to 4.11 mg g' DW.
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Table 1 Design of single factor experiment

[X % Factor

JKF- Level

£ Ethanol(%)

pH

i L)% Ultrasonic power (W)
BB L Ratio of solid to liquid
8 7 H ] Ultrasonic time (min)

B  RJE Ultrasonic temperature (°C )

0. 20, 30, 40, 50, 60, 70
05.1.2,3.4

240, 300, 360, 420, 480, 540
1:5,1:10, 1215, 1:20, 1:25,1:30
5. 10, 20, 30, 40. 50

30. 40, 50, 60, 70

IR B Extraction times 1.2.3. 4
& 2 W IR R R K-
Table 2 Factors in RSM experiment
e Aty JKF- Level
Factor No. -1 0 1
FHR HE Ratio of solid to liquid A 1:10 1:15 1:20
A A] Ultrasonic time (min) B 5 10 15
B Ultrasonic temperature (°C. ) C 50 60 70
pH D 2 3 4
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Fig. 1 Absorbance of anthocyanin from purple cabbage
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Fig. 2 Effects of factors on anthocyanin yield. Different letters above line indicate significant difference at 0.05 level.
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Table 3 Design and results of central composite test

4 H Design-Expert 8.0 A HEA 740 H7 , LA HE
(A)JSFE](B) R (C)FI pH (D) 284, AET 1
A2 (mg g ) MR, £ 1L A A5 3 — k[l 5
.Y =4.17+ 0.047A + 0.037B — 0.12C - 0.18D +
0.071AB — 0.031AC — 0.021AD — 0.14BC — 0.11BD +
0.049CD —0.21A>—0.16B°—0.42C° - 0.48D" + 0.11A°B.,

5 7 v % 0T 2R B0 B DR /N B S B T A%
FXTHR PR E R IR B, R B IE SR B T 52
M) o IS AR U T 255k BB L R
1: 16, A IE N 11.86 min, B IR E N 57.66°C,
pH 4 2.76,

F1H Design-Expert 8.0 % {4 X 28 £ /)N 1 22 4k

%' % Factor 5 Yield  HUE Predicted || 4% % Factor 9% Yield  BiMI{E Predicted
Noo. A B C D (mgg')  value(mgg') || Noo.. A B C D (mgg) value (mg g ')

1 0 5 60 3 3.71 3.67 6 15 15 70 3 320 3.36

2 20 5 60 3 3.60 3.63 17 10 10 50 3 3.51 3.58

3 10 15 60 3 3.86 3.82 18 20 10 50 3 3.76 3.74

4 20 15 60 3 4.03 4.06 9 10 10 70 3 341 3.40

5 15 10 50 2 3.55 3.62 20 20 10 70 3 3.54 3.44

6 15 10 70 2 331 328 200 15 5 60 2 3.61 3.56

7 15 10 50 4 3.16 3.17 2 15 15 60 2 3.97 3.84

8 15 10 70 4 3.11 3.02 22 15 5 60 4 332 342

9 10 10 60 2 3.54 3.59 24 15 15 60 4 325 327

0 20 10 6 2 3.64 3.72 25 15 10 60 3 412 417

110 10 60 4 331 327 26 15 10 60 3 410 417

12 20 10 60 4 333 333 27 15 10 60 3 432 417

13 15 5 50 3 3.63 352 22 15 10 60 3 413 417

14 15 15 50 3 3.92 3.89 29 15 10 60 3 416 417

15 15 5 70 3 3.49 3.57
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AR5, 35 FIASE IR [l rf (g 28 ST 7 T 5
S 3E TN N, 7E T B A5 PR 2R KT L O, X &
RS pH > IR EE > BRI > W], 2640
T(F=1.56)/A 3, U IR0 158 2541 /. [ml 9 7 7%
By F{H 4 18.09, P<0.0001, ik ##% i & K. 4H
KRB R=0.9543 , LI [ 5 5 FE LA FR R 4T

5 5 B B(CV=2.92%)<5%, 1} B A5 R i) d 30 1 45
G R A AL A Y RIS A R
(T (5 FE AR I, 7T LU TR/ N SR T 1S
R

mEMESEEST  RIEEA/NEEE
T AT 30 [l A AR AR = 2l o 17 17 ] A 46 =
2R PP 3~8), A3 o7 1 ok H AN R 2 kA7
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Table 4 ANOVA analysis of central composite test

Sk Source SEJ5 il Sum of square H H ¥ Degree of freedom #4177 Mean square F P>F
7 Model 3.07 15 0.2 18.09 <0.0001"
A 0.027 1 0.027 2.38 0.1469
B 0.011 1 0.011 0.97 0.3435
C 0.18 1 0.18 15.66 0.0016"
D 0.38 1 0.38 33.31 <0.0001"
AB 0.02 1 0.02 1.79 0.2042
AC 3.74x10° 1 3.74x10° 0.33 0.5753
AD 1.71x10° 1 1.71x10° 0.15 0.7039
BC 0.084 1 0.084 7.39 0.0176%
BD 0.046 1 0.046 4.08 0.0645
CD 9.45x10°° 1 9.45%10° 0.83 0.3776
A 0.28 1 0.28 24.82 0.0003"
B’ 0.18 1 0.18 15.50 0.0017"
c’ 1.13 1 1.13 99.49 <0.0001""
D’ 1.49 1 1.49 131.30 <0.0001"
A’B 0.03 1 0.03 2.68 0.1254
5% Residual 0.15 13 0.011
AT Lack of fit 0.11 9 0.013 1.56 0.3541
%2 Error 0.033 4 8.17x10°
SR Total 3.22 28 R'=0.9543 R,;’=0.9016

**,P<0.01; *:P<0.05.

& MR ) s AR s 22 (8] 9 58 540 2 75 0 5
T 1) 46 1o 48 2% BH W A5 5t 2 1) 1) 38 B2 AN S 3
ML 3~8 T LA i, 8 7 Yl 2 R (] A9 58 BAE
i, HEHZ RN BN, 8565k 40
W1 7 22530, BRI L 1 728 Ak i B 5 7 s [ g
(1 3), HUBMAR LU i) 45 v 4 AR AL B30 22 T 7 1) [
1, UEIPERR FEXT 28 /NI SR T AR A 52 0 K
T 7 A (] 5 [ R X A T A R A R R KT
BHE LE(E] 4); pH [EXTAE T H AR A 5200 K TR
FU(P 5) 5 T B8 X6 A6 7 H A5 28 1 52 i) T 75 1 1]
(11 6); pH AEXS A6 75 1145 3 18 52 0 88 7 B ) (&
7); pH {EXTAETT HAFR A2 R TR (& 8).
R 7 3 56 T A5 A P AL B BT S 2R A T 56
RS, MERARER 0.5 g TR E/N A2 B Ry
AL LUBREEE 12 16 LA 0.05% HCI-40% Z.F% 8 mL,
JE47 pH Ry 2.76, 1 58 °CF L 420 W B 48 75 T %
PEHC 12 min, $2 K EL 2 k. EEZ LK 3K, 4

HH B F 153K 4.1102 mg g, 58 5 F500) {1
(4.2133 mg g YAAIXITIR2ZEAU N 2.5% , 156 I LA A
K, SR FH R T VA4S B 2R /N SRR S AR
TS5, ARG B SCHME.

3 Z5IRAITTE

AT 5 ) FH R 7S U A B B BT s, AR PR R
I Al L SR A 4 IR 3 /K 9 i L7 1 43 A
P B R I ] R ORHR LSRR R T T T2
SR AL, L AR R SR AL, 1 5 B

S FEEAAE N B L R 12 16 (pH 2.76), 7E
58°C F#EAHRE 12 min, 7ERL SN R 20 /NASE
AT RS0 1L 4.11 mg g DW, Mg 7.
T A A S AR AR a8 T 45 R
XoF e SO E P SE T, ARG g 48 R 2R U AR DL R
fe RIS TR 25 /0N, AT TS PR 0, S — A~ S A
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Fig. 3 Contour map and response surface graph of interaction effects between ratio of solid to liquid and ultrasonic time
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Fig. 4 Contour map and response surface graph of interaction effects between ratio of solid to liquid and ultrasonic temperature
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Fig. 5 Contour map and response surface graph of interaction effects between ratio of solid to liquid and pH
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Fig. 7 Contour map and response surface graph of interaction effects between ultrasonic time and pH
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